4+
transition metal clusters cores using a complexation reaction with a pyridine-terminated alkyl monolayer covalently bonded to the a-C surface (Py S -alkyl / a-C). These films are stable against thermally- through complexation with a pyridine-terminated alkyl monolayer. For clarity, a single anchoring site is shown, however complexation with more than one anchoring site is also possible. In the final reaction step (Scheme 2), the remaining apical sites are substituted with bromopyridine. The coverage and the composition of the grafted molecular layers are estimated from quantitative XPS analysis at different steps of the grafting process. The oxidation state, derived
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from the binding energy of Mo core levels, is also compared to that of the precursor (polycrystalline powder). The number of surface anchoring sites is also deduced from XPS analysis to estimate the efficiency of the immobilization process. Electrical transport properties of metal-insulator-semiconductor (MIS) diodes obtained from functionalized a-C films were also investigated using a mercury drop as the soft electrical top contact to check possible changes in the electronic properties of a-C after the alkyl monolayer grafting and whether some signature of the monolayer of electroactive [Mo 6 I 8 ] 4+ clusters can be detected after immobilization.
Experimental
The 
Pulsed laser deposition of amorphous carbon
Carbon films (30 nm thick) were grown at room-temperature by pulsed laser deposition using a KrF laser (Tuilaser Excistar E20, = 248 nm, 2 Hz, 40 ns pulse width) in a turbo-pumped high vacuum chamber (base pressure ~ 10 -4 Pa). Crystalline silicon (c-Si (111), p-type) substrates were cleaned in ultrasonic bath (acetone, isopropanol, water) and dropped in NH 4 F (40%) to remove their native oxide before a-C film growth. They were placed at 60 mm from the rotating glassy carbon target (Sigradur G, HTW). The deposited carbon thickness is 0.03 nm / pulse for a pulse energy of 150 mJ (fluence 7.3 J.cm -2 ). Before deposition, the target was pre-cleaned for 5 minutes at 2 Hz with a shutter in front of the substrate. After deposition, nitrogen gas was introduced in the chamber and the carbon films were quickly transferred to the XPS setup or to the grafting setup under a dry nitrogen atmosphere.
Preparation of the Molybdenum cluster-terminated carbon surfaces.
Similar to our previous work with Si ( The cluster chemistry includes three major preparation steps, as summarized in Scheme 2.
Step I: the reaction of [(n-C 4 H 9 ) 4 
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Step III: to obtain derivatized surfaces sufficiently stable for subsequent characterization, the triflate anions remaining in apical position of the cluster after the immobilization step were substituted by 3-bromopyridine (Py-Br) by dipping the modified surface in neat 3-bromopyridine 
XPS analysis.
After exposure to ambient atmosphere for a few minutes, the grafted carbon surfaces were introduced in the UHV chamber and kept at 1×10 -9 mbar for several hours before XPS analysis.
XPS measurements were performed with Mg K (h = 1254 eV) X-ray source, at an emission angle , using a VSW HA100 photoelectron spectrometer with a hemispherical photoelectron analyzer, at 22 eV pass energy, providing an experimental resolution of 1.0 eV. Spectral analysis included a Shirley background subtraction and peak separation using mixed Gaussian-Lorentzian functions. Peak area ratios quoted in this work have been corrected for the photoemission cross section of each chemical element. Additional measurements were performed using a monochromatized Al K (h = 1486.6 eV) X-ray source to obtain a better peak separation for specific core levels. 
Electrical Transport Measurements.
Electrical transport measurements were performed on Hg // Mo 6 I 8 / pyridine -alkyl / a-C / pSi junctions, using a mercury drop as a top electrode because its large surface tension (480 mJ m 
Results

Amorphous carbon
The a-C film thickness, and bulk plasmon energy (E P = 29.5±0.2 eV) given by photoelectron energy loss spectroscopy; the surface hybridization of the as-grown a-C film (sp 3 / sp 2 + sp 3 ) was found to be 0.5-0.6 from XPS measurements using a monochromatic X-ray source [37, 44].
Under optimized PLD conditions including the pre-cleaning of the target, amorphous carbon films suitable for monolayer grafting experiments are obtained, with a very smooth surface (rootmean-square roughness ~ 0.3 nm) as shown by Atomic Force Microscopy (AFM).
Pyridine-functionalized a-C
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The XPS survey spectrum of the pyridine-modified carbon surface reveals characteristic peaks from the carbon substrate itself and from the C 1s, O 1s and N 1s core levels of the attached organic molecule (Fig. 1a) . The shape and the intensity of these spectra as well as their relative positions in energy are consistent with the monolayer composition, with some additional O 1s contribution due to some adventitious adsorbed oxygen or water molecules.
The N 1s core level is characterized by a main peak at 400.4 eV corresponding to the pyridine cores on a pyridine-functionalized a-C surface (step II) followed by the complexation with bromopyridine (step III).
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Mo 6 I 8 -Pyridine -alkyl -a-C assembly
After attachment of molybdenum clusters and treatment with 3-bromopyridine, as expected the survey spectrum (Fig. 1b) shows the presence of iodine and molybdenum atoms characterized by their respective d levels (I 3d 3 
16
In Figure 3 , the strong (Mo 3d 3/2 , Mo 3d 5/2 ) doublet is observed with the expected 3. the broad Mo 3p level shows a peak tailing towards higher binding energies; as a consequence of the overlap between the N 1s and Mo 3p core levels (Fig. 4) , the fitted ratio (N1s / Mo 3p) = 1.7
is likely overestimated. 
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The ratio between the total Mo 3d 5/2 area and the main I i 4d peak area is estimated at Besides the Mo 3d, the Br 3d core level clearly shows two components with different binding energies, in contrast with the iodine core atom and the counter anion elements (S and F). Binding energy (eV)
Exp. Fit
Fit I 4s Fit I 4s Fit Br 3p Fit Br 3p Fit S 2p Fit S 2p
S 2p I 4s
A C C E P T E D M A N U S C R I P T (Fig. 6) with a total intensity consistent with the Br 3d fitting.
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As far as the counter anions are concerned, the C 1s spectrum shows a high binding energy In summary, the Br 3d intensity provides (x -y) = 1.5±0.3 bromopyridine unit per bound metallic cluster and I 4d decomposition gives (6 -x) = 1±0.1 apical iodine per cluster, on average.
It can be concluded that each metallic cluster is bound to the organic monolayer surface through either three or four pyridine anchoring groups, corresponding respectively to (CF 3 attached to the cluster core, a (-3) charge must be carried by three triflate moieties in order to maintain the total charge balance.
Electrical transport
The I-V characteristics were measured at room temperature on the bare Hg // a-C -p Si (111) junction, after grafting of the pyridine-terminated monolayer and further immobilization of In the reverse bias regime, the current density increases after thermal grafting of pyridineterminated alkyl monolayer, but no further effect can be detected after the cluster immobilization step. This regime corresponds to injection of minority carriers (electrons) from p-type Si and transport through the a-C film.
Discussion
A monolayer of octahedral [Mo 6 I 8 ] 4+ cluster cores has been immobilized through complexation with a pyridine functionalized amorphous carbon surface. Each metallic cluster is bound to the organic monolayer surface through either three or four pyridine anchoring groups, arising from a larger number of electron withdrawing (Py-Br) units; however, a single peak being found in the 3d and 4d spectra of inner iodine atoms, the hypothesis of a global charging of the cluster core seems unlikely. Considering topological constraints due to the octahedral geometry, cluster attachment to the surface through 3 or 4 pyridine anchoring sites indicates that the pyridine-terminated alkyl chains are flexible enough to accommodate up to four bonds, providing robust surface immobilization.
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The pyridine complexation strategy with multiple anchoring sites on the surface of this functional architecture may thus be interesting for potential applications of octahedral clusters in photochemistry and catalysis, including different carbon materials (amorphous carbon, glassy carbon, pyrolyzed photoresist films, graphene …).
